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Abstract 

The influence of the QCD structure of the weak bosons on the Higgs 
boson production in e-p scattering is studied. The energy and Higgs boson 
mass dependence of the cross-section, following from the new contributions, 
is calculated. 
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1 Introduction 


In our recent papers [1, 2] we have introduced the basic properties of the W and Z boson 
structure functions. In analogy to the photon case [3] it has been shown there, how the 
quark and gluon content of the intermediate bosons appears due to the QCD cascade. The 
corresponding evolution equations have been solved in the asymptotic regime with the solu¬ 
tions developing logarithmic growth of the quark and gluon densities. The form of weak 
couplings forces these densities to depend strongly on spin and flavour. 

It is extremely interesting where the QCD structure of weak intermediate bosons may 
be observed experimentally. In the systematic investigation of possible processes we start 
with the Higgs boson production. The question put forward in this case is to what extent 
the inclusion of the ’resolved’ W and Z can modify the predictions known before. We 
concentrate on the Higgs boson production in e-p scattering, quoting the scattering, 
where one should not expect large contributions, for completeness. 

The paper is organized as follows. In Section 2 we recall the formalism introduced before 
to study the QCD structure of gauge bosons and quote the main results concerning W and Z, 
compared to the photon case. Section 3 presents the calculation of the cross-section for the 
Higgs boson production in e-p scattering at selected energies. The results are compared with 
the dominant production channel [4, 5] {W-W fusion) and earlier calculation of the ’resolved’ 
photon contribution [ 6 ]. Summary, comments and conclusions are given in Section 4. 

2 QCD structure of W and Z bosons 

In the standard model weak intermediate bosons are elementary (point-like) particles. Nev¬ 
ertheless, when observed by a very high particle, they can reveal QCD structure by 
collinear quark-gluon Bremsstrahlung. In this sense they become “composite”. 

The evolution equation for unpolarized parton A density, inside a composite 

weak intermediate boson B reads 

^ t) C /I (x, t) , (1) 

where t = ln{Q‘^/Ql) and the scale Ql, which depends on the particular process, will be 
discussed later. V_AB{x',t) are splitting functions and the convolution is dehned as 

(P ® f )(x) = j dxi dx 2 P{xi) f{x 2 ) 6{x — X 1 X 2 ). (2) 

For weak bosons the indices A, B go over quarks, antiquarks, gluons and point-like 7 , W 
and Z. 

In the following we will consider the leading-log QCD and 1-st order electroweak case. 
Denoting weak intermediate bosons by upper case letters and QCD partons by lower case 
ones, we have 


ZTT 

V,k{xA) = ^Mx). 

ZTT 


( 3 ) 

( 4 ) 

( 5 ) 


1 



Substituting this into Eq.(l) we arrive at the following non-homogeneous evolution equations 
for the QCD content of a weak intermediate boson: 


dff{x,t) ftem a , “s(t) 


dt 
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In the lowest order the splitting functions of the longitudinal W and Z bosons vanish 
and the transverse ones read 


Pq±Z^{x)= Pq±zA^) =Zq±s{x), 

(7) 

Pd^W-i^) — ^u+W-(^) 

-L z sin (7w 

(8) 

with s(a;) = + (1 — ^)^]/2- 

The QCD splitting functions are taken in the standard form [7]. 

In the leading-log approximation with aPt) 


/ \ 27r 

’ 

(9) 

{b = 11/2 — nf/3 for Uf flavours) the t dependence of the equations (6) 

can be factorized out 

f^{xp)cz^f^{x)t 

(10) 


leaving integral equations for the x dependence 


= ^^(^) + T E P^k(x) ^ fk{x), (11) 

fc=q,q,G 

Numerical solutions to the above equations can be fonnd in Ref. [2], They show in general 
that, apart from the f-dependent factor which at sub-asymptotic momentum transfers might 
be different (see discussion in the next Section), the quark and gluon structure of the weak 
bosons is reacher than that of the photon. 

In the above review we have summed over the parton and weak boson polarizations 
(leaving out the longitudinal bosons which do not contribnte in leading-log approximation). 
The same considerations can be repeated keeping the parton and boson polarizations hxed 
[8]. In fact, due to the particular form of weak couplings, we shall use in the following 
calculations partonic densities of given polarization inside polarized W and Z bosons. 


3 Higgs production in e-p scattering 

The dominant mechanism of the Higgs boson prodnction in electron-proton scattering is the 
W-W and Z-Z fnsion (see Fig. la) [4, 5]. The new diagrams, which involve gange boson 
structure, are shown in Fig. Ib-c. The case with the ’resolved’ photon has been already 
studied some time ago [6]. Here we include in the calculation the W and Z bosons. 

The approximations made in the following considerations require a word of warning. 
First, we will be nsing the equivalent boson approximation, known since long for the photon 
[9], and introduced in Ref. [10] for the W and Z. In the case of massive weak bosons, out 
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Figure 1: Diagrams contributing to the Higgs boson prodnction in e-p scatter¬ 
ing: a) dominant W-W fusion; b) glnonic part of the electroweak boson strncture; 
c) quark part of the electroweak boson structure. 


of the three possible polarization states only the transverse degrees of freedom develop the 
logarithmic factor, characteristic of photon emission. The density of transversely polarized 
gauge bosons inside nnpolarized electron 



with X — the boson momentum fraction, Mb — the gauge boson mass and — the 
negative momentnm sqnared of the emitted gange boson. One sees that whereas in the 
photon case the logarithm is scaled by the electron mass, coming from in the weak 

sector it is the mass which sets up the scale (explicit forms used in the considered 
processes are given in the next Section). Consequently, due to the large weak boson mass, 
the above logarithmic factor is responsible at presently available energies for the fact that 
there is more ’eqnivalent’ photons in the electron than bF’s and Z’s. The accuracy of the 
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equivalent boson approximation has been tested in the processes where exact calculation is 
also possible [5], For example the ratio of the approximate to exact results in the Higgs 
prodnction in scattering varies between a factor of two and few percent in the energy 
range between 500 GeV and 50 TeV and approaches 1 with increasing Higgs boson mass. 
Taking into account the above remarks one should treat the numerical results at energies 
corresponding to the existing accelerators only as estimates. 

Another problem is the Z-y interference. In general the neutral current exchange contains 
a coherent mixtnre of the Z and the photon. However in the probabilistic approach used 
here these possible interference terms are neglected. 

The next approximation concerns the quark masses. In the QCD evolution equation all 
masses are neglected, they are used solely as thresholds, opening new flavour evolution when 
increasing . A more delicate treatment requires the b quark threshold in the W strncture 
evolution. In principle it appears already above the b quark mass due to the bu production. 
However only after the channel bt opens (a/Q > 180 GeV), the Kobayashi-Maskawa matrix 
elements squared add up to 1 and do not suppress the b quark production. In our calculation 
we neglect this suppression which potentially exists in the intermediate Higgs boson mass 
range. 

Finally the scale Ql of the QCD evolntion reqnires some attention. In the leading-log 
approximation, which we are using, its value for ^ Qq is formally irrelevant (changing 
Qo gives next-to-leading-log corrections). At finite the choice depends on the physical 
situation in the process. In e-p scattering we are interested in the electroweak bosons, ’as few 
off shell as possible’ which practically means the mass negative and close to zero. Therefore, 
as concerns the masses, the difference between photons and weak bosons vanishes and in all 
cases we should take Ql = Aq^j^. 

The contribution to the total cross-section for the process e^p v/e^HX coming from 
the ’resolved’ bosons (Fig. 1 b,c) reads 




E 




( 7 . 




(13) 


where r = Mjj/s with Mh being the Higgs boson mass and s — the total c.m. energy 
squared. The function is the boson B (of polarization f3) density inside electron, fX is 
the qnark/antiquark/glnon (of polarization a) density inside the boson B (of polarization 
P) and — the antiquark/quark/glnon (of polarization a) density inside the proton. The 
sum extends over partons {i,j = q, q, G), their polarization a and the boson polarization /?. 
The polarization-independent partonic cross-section 


^GG = 



(14) 


for gluon-gluon (Fig. lb) and 


(^qq — 


^/2^^ G-pml 


(15) 
the quark 


3 s 

for quark-antiquark annihilation (Fig.lc). Here Gp is the Fermi coupling, TUq 
mass and N — a function of the quark and Higgs boson masses [11]. 

The eqnivalent boson densities depend on the exchanged boson and its polarization: 


fwA^) = + xf) 


In 


xs 
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Figure 2: Contribution from the ’resolved’ electroweak bosons to the cross-section for 
the Higgs boson production in e-p scattering at: a) ^/s = 314 GeV and b) ^/s = 1.6 
TeV as function of the Higgs boson mass. 






where 




2;_ = tan^ 6 


w 


and nie is the electron mass. 


The parton densities fulhll several relations [8], for example in the case of W 


(17) 

(18) 
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(24) 
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(25) 


In the examples shown below we nse their explicit asymptotic form following from the nu¬ 
merical solutions of the Eqs.(ll). Only in the case of the photon we are able to see whether 
the asymptotic solntions lead to different resnlts than the more realistic parametrisations 
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Figure 3: The ’resolved’ W contribution to the cross-section for the Higgs boson 
production in e-p scattering at -/s = 314 GeV as function of the Higgs mass. The 
gluonic and quark parts plotted separately. 


of its structure. We have checked that the parametrisation of Ref. [12] (LAC3) gives the 
cross-section for the e-p Higgs boson production up to 30% larger in the considered energy 
and Higgs boson mass range. 

The parton densities inside the proton ff{x) are taken from the parametrisation of Ref. 
[13] (MRS3). 

The results for scattering energies ^/s = 314 and 1600 GeV are shown in Figs. 2 and 
3. One sees that the ’resolved’ W contribution is about a factor of 4 smaller than that 
of the ’resolved’ 7 at lower energies ^/s = 314 GeV and approaches one half at ^/s = 1.6 
TeV (Fig. 2 ). The Z contribution is the smallest for all considered energies and Higgs boson 
masses. In all cases the quark-antiqnark diagram (Fig. Ic) is larger than the gluonic one 
(Fig. lb), mainly due to presence of the b qnark (Fig 3.). One should keep in mind that 
the dominant term in the Higgs prodnction cross-section, the W-W fnsion (Fig. la) [4, 5] 
exceeds the ’resolved’ boson contribution by at least an order of magnitude. The conclusion 
is rather obvious: the QCD structure of the gauge bosons, used in e-p scattering, does not 
help in the hunt for the Higgs boson. 

4 Summary 

In the paper we have considered the influence of the QCD structure of the electroweak gauge 
bosons on the e-p production of the Higgs boson. We have fonnd that nsing the asymptotic 
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form of the ’resolved’ W and Z, the contribution to the cross-section of the W structure 
is of the same order as that of the photon, the Z term being slightly smaller. In general 
however the considered new diagrams cannot compete with the dominant channel i.e. the 
W-W fusion. 

We have also checked the Higgs boson production via ’resolved’ bosons in e+e'*' scattering. 
As expected, the cross-section is suppressed additionally, as compared to the W-W and Z-Z 
fusion, by a factor of which multiplies the parton densities and consequently is negligible. 

One general lesson follows from the above studies. The W structure function contributes 
to the considered processes approximately with the same strength as the structure of the 
photon. This means that one should look for its appearance in the reactions where the 
’resolved’ photon is known to dominate. 
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